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Abstract: The coronavirus infectious disease-2019 (COVID-19) has overwhelmed like 
a shock wave in a completely unprepared world. Despite coronavirus infections were 
involved in previous epidemic outbreaks, no antiviral agent was developed for specific 
treatment. As a consequence, since the beginning of this pandemic, both repositioned and 
experimental drugs were used to treat the infected patients without evidence of clinical 
efficacy. Just based on experience coming from the use of antiviral agents to treat other 
viruses (eg, lopinavir/ritonavir, remdesivir) and supposed antiviral or immunomodulatory 
activities of drugs with no approved antiviral indications (eg hydroxychloroquine, tocilizu-
mab), clinicians have faced the ongoing pandemic. Currently, after about 9 months from the 
COVID-19 spread, there is still no antiviral agent capable of ensuring the cure of this 
syndrome. Clinical trials are beginning to confirm the benefits of some drugs, while for 
other compounds, efficacy and safety have not yet been confirmed. Randomized clinical 
trials (RCT) have denied or downsized the beneficial effects attributed to certain molecules, 
such as aminoquinolines, largely used in clinical practice at the beginning of COVID-19 
spread. Conversely, at the same time, they have provided evidence for unexpected effective-
ness of other agents that have been underutilized, such as steroids, which were not used in 
SARS treatment because of the threatened effect on viral replication. Evidence deriving from 
pathologic studies have demonstrated that the prothrombotic effects of SARS-CoV-2 can be 
prevented by heparin prophylaxis, underlining the need for personalized treatment for 
patients with severe disease. The main aim of this review is to synthesize the available 
information and evidence on both repositioned and experimental drugs for the treatment of 
COVID-19, focusing on the need to exercise caution on the use of unproven medical 
therapies. 
Keywords: SARS-CoV-2, ARDS, remdesivir, chloroquine, steroids, heparin

Introduction
The Coronavirus Infectious Disease-2019 (COVID-19) pandemic is a novel chal-
lenge for the scientific community due to the high diffusion rate via respiratory 
droplets and contact with aerosol infected surfaces, and the absence of standard 
therapy. COVID-19 has multiple clinical presentations ranging from asymptomatic 
or mild disease to critical illness with rapid clinical deterioration and death. Its most 
frequent symptoms include fever, malaise, dry cough, shortness of breath, and 
respiratory distress. Severe cases need mechanical ventilation and report high 
mortality rates.1,2

Various “repositioned” drugs (indicated for other uses) have been proposed for 
COVID-19 treatment. Remdesivir (active against Ebola), lopinavir/ritonavir (anti-HIV) 

Correspondence: Pasquale Pagliano 
Department of Medicine, Surgery and 
Dentistry, “Scuola Medica Salernitana”, 
Unit of Infectious Diseases, University of 
Salerno, Via S. Allende 1, Baronissi, Italy  
Tel +393397504168  
Email ppagliano@unisa.it

submit your manuscript | www.dovepress.com Journal of Experimental Pharmacology 2021:13 1–13                                                             1

http://doi.org/10.2147/JEP.S255209 

DovePress © 2021 Pagliano et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Experimental Pharmacology                                                  Dovepress
open access to scientific and medical research

Open Access Full Text Article

Jo
ur

na
l o

f E
xp

er
im

en
ta

l P
ha

rm
ac

ol
og

y 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0002-5595-7841
http://orcid.org/0000-0003-1292-3040
mailto:ppagliano@unisa.it
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


, chloroquine and hydroxychloroquine (antimalarial agents), 
interferon-β (treatment for multiple sclerosis), and tocilizumab 
(antirheumatic drug) are among the drugs proposed due to 
their antiviral or immunomodulatory effects, but none of them 
had sufficient efficacy and large availability to ensure a rapid 
and effective cure. Figure 1 highlights the mechanisms pro-
posed for the most common drugs suggested for COVID-19 
treatment.

The purpose of this review is to synthesize the infor-
mation and evidence available on both repositioned and 
experimental drugs for the treatment of COVID-19.

Methods
Relevant papers and trials until July 1st, 2020 were searched 
on Medline, Google Scholar, and Clinicaltrials.gov. We 
performed a search considering the following keywords: 
“chloroquine”, “hydroxychloroquine”, “remdesivir”, “favi-
piravir”, “lopinavir/ritonavir”, “darunavir/cobicistat”, 
“umifenovir”, “sofosbuvir”, “ribavirin”, “penciclovir”, 
“camostat mesilate”, “nafamostat mesilate”, “azithromy-
cin”, “enoxaparin”, “nitazoxanide”, “ivermectin”, “famoti-
dine”, “corticosteroids”, “tocilizumab”, “ baricitinib” and 
matching each of them with the terms ‘COVID-19ʹ AND 
‘SARS-CoV-2ʹ. A manual search on the reference and cita-
tions on each paper retrieved by a PubMed search com-
pleted the literature search. Study in English language 
“in vitro” or in a human population with COVID-19 infec-
tion, reporting data on each drug efficacy, were included in 
the review. This systematic review adopted the Preferred 
Reporting Items for Systematic Review and Meta-Analysis 
(PRISMA) guidelines.

The authors independently reviewed each paper. Once 
a paper was identified as likely to be included, the full-text 
version was read, and a further search was performed 
considering references list and citations. Conflict about 

the inclusion of a paper was resolved by further evaluation 
by the senior author (PP).

Agents with Anti-Malarial Activity
Chloroquine-Hydroxychloroquine
Chloroquine (CQ) and Hydroxychloroquine (HCQ) are 
aminoquinolones well-known as anti-malarial agents, 
which have activity against several RNA viruses including 
Zika virus, Chikungunya-virus, SARS-CoV, and MERS- 
CoV.3 According to in vitro studies, HCQ and CQ can 
interfere with the early phase of SARS-CoV-2 replication 
modifying the pH on the surface of the cell membrane and 
inhibiting the fusion of the virus with the host cell, finally 
interfering with important viral functions including attach-
ment, assembly, transport of new particles, accumulation 
in lysosomes, and release into intracellular space. 
Moreover, HCQ and CQ bind to the sialic acids of the 
respiratory tract cells, interacting with the N-terminal 
domain of the SARS-CoV-2 spike protein, finally inhibit-
ing cell/virus fusion during the early phase of the 
infection.4 When HCQ or CQ are administered to patients 
with COVID-19 associated pneumonia, lung concentration 
rises up to 200–700 times than plasma concentration, pos-
ing these drugs as possible anti-COVID-19 agents for both 
treatment and post-exposure prophylaxis.5,6

On September 1st 2020, 335 trials investigating the 
efficacy of COVID-19 treatment with aminoquinolines 
were registered on clinicaltrials.gov. Definitive data are 
lacking for many of these studies. Only 8 studies registered 
are interventional clinical trials and only 2 have published 
their results, one is currently on a ‘preprint status’.7,8

Data on aminoquinolines administration are conflicting 
and the efficacy proposed, based on in vitro studies, is not 
confirmed by unequivocal clinical investigations. At the 
beginning of the pandemic diffusion of SARS-CoV-2, 

Figure 1 Mechanisms of activity of main drugs proposed for COVID-19 treatment.
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preliminary clinical data suggested the efficacy of CQ in 
avoiding exacerbation of pneumonia, promoting the disap-
pearance of the virus from the respiratory tract, and reducing 
disease duration.9 Similar results were proposed by a French 
study, which highlighted that treatment with HCQ 200 mg 
TID resulted in a greater number of negative nasal swabs 
after 3–6 days, compared to historical control.10 However, 
another French study failed to demonstrate an advantage in 
patients receiving oxygen, compared to untreated controls.11 

Treatment with HCQ (400 mg/die) led to an improvement in 
lesions at the chest CT scan without disease progression in 
62 mild COVID-19 patients while a study from Brazil 
reported Q-T prolongation in 25% of the severe COVID- 
19 patients treated with CQ (600 mg bid for 10 days), but 
with a high incidence of arrhythmias in those receiving CQ 
and no clinical benefit.8,12 A large study on the data deriving 
from a multi-national register analysis (published by The 
Lancet), which reported the absence of HCQ/CQ efficacy on 
COVID-19, was retracted due to the lack of control on the 
quality of the collected data.

A recent systematic review highlighted that in two 
recent trials and one cohort study there was no reduction 
in hospitalization rate in COVID-19 patients who received 
HCQ before their hospitalization. Of these, RECOVERY 
trial demonstrated that no benefit could be achieved using 
high-dose HCQ and SOLIDARITY trial was terminated 
due to the lack of efficacy.13

Recently, a Belgian study analyzed 8075 COVID-19 
patients receiving or not low-dose HCQ associated with 
standard therapy. Those receiving low-dose HCQ therapy 
reported a reduction of the risk of death as assessed by 
multivariate analysis.14

In a double-blind, placebo-controlled RCT, HCQ did 
not show efficacy in preventing COVID-19 when used as 
post-exposure prophylaxis within 4 days after high- or 
moderate-risk exposure to SARS-COV-2.15

Main studies investigating CQ/HCQ efficacy are 
reported in Table 1.

Remdesivir
Remdesivir (Table 1) is a prodrug metabolized into an ana-
logue of adenosine triphosphate that inhibits viral RNA- 
dependent RNA polymerase, interrupting the growing RNA 
chain. This antiviral agent has shown efficacy in vitro against 
filoviruses (eg, Ebola), Marburg virus, Paramyxoviridae, and 
Pneumoviridae, as well as against other Coronaviruses (eg, 
SARS-CoV and MERS-CoV).16,17

Clinical conditions of the first patient diagnosed with 
COVID-19 in the USA improved after remdesivir admin-
istration and the oropharyngeal swab turned steadily 
negative.18 The evidence demonstrating remdesivir effi-
cacy was reported in April 2020 after the analysis of the 
data from a compassionate use program. The study eval-
uated only 61 hospitalized patients, enrolled from USA, 
Canada, Europe, and Japan, with 94% oxygen saturation 
or less, who received a 10-day course of remdesivir 
(200 mg intravenously on day 1, 100 mg daily from day 
2 to day 10). Remdesivir administration resulted in 
a significant improvement in respiratory outcome in 36 
out of 53 patients (68%) and a 13% decrease in mortality 
rate was shown.17 In a multicenter trial (NCT04257656) 
conducted in 10 hospitals in Hubei-China, 237 patients 
with COVID-19 associated pneumonia and 94% oxygen 
saturation or less were randomized to receive remdesivir 
or placebo. No difference was reported in terms of mor-
tality, but those receiving remdesivir had a small (not 
statistically significant) reduction of recovery time (med-
ian 18·0 days [IQR 12·0–28·0] vs 23·0 days [15·0–28·0]; 
HR 1·52 [0·95–2·43]).19 In the SIMPLE1 Phase III trial, 
among 397 patients with severe COVID-19, a clinical 
improvement was obtained in 64% receiving a 5-day 
remdesivir treatment and in 54% scheduled to receive 
a 10 days of remdesivir with no significant difference 
related to the adopted schedule.20 Moreover, the ACTT 
trial demonstrated that remdesivir was superior to placebo 
in shortening the time to recovery (median time 11 days in 
the remdesivir group and 15 days in the placebo group, HR 
1.32, 95% CI 1.12–155 [p<0.001]), in addition, the 

Table 1 Main Studies Investigating CQ/HCQ and Remdesivir 
Efficacy Against COVID-19

Drugs Clinical 

Trials 

(N.)*

Main Clinical 

Trials 

Published 

(Reference)

Clinical 

Efficacy

Enrolled 

Patients

Chloroquine/ 

hydroxychloroquine

335 7 Yes 491

8 Yes 31

10 Yes 36

11 No 181

12 Yes 440

14 Yes 8075

15 No 821

Remdesivir 49 17 Yes 61

20 Yes 397

21 Yes 1063

Note: *Accessed 01/09/2020 clinicaltrials.gov.
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number of deaths was inferior in the remdesivir group, but 
the difference was not statistically different (HR 0.70; 95% 
CI 0.47–1.04).21 Remdesivir is being evaluated in the 
WHO-sponsored trial called SOLIDARITY, which consid-
ered patients with severe COVID-19 randomized to one of 
the following four treatments: standard of care, remdesivir, 
lopinavir/r plus interferon (IFN) beta-1a and HCQ, pre-
sently, no significant efficacy was reported.22 A Gilead 
Sciences-sponsored Phase II–III study enrolling pediatric 
patients from the age of 28 days to under 18 years old with 
laboratory-confirmed COVID-19, is still ongoing in order 
to evaluate the safety, tolerability, and pharmacokinetics 
(PK) of remdesivir.23 So far (accessed 01/09/2020), 49 
studies proposing remdesivir for COVID-19 treatment 
have been registered on clinicaltrials.gov. Among them, 
16 are phase III (both profit and nonprofit) studies.

Favipiravir
Favipiravir (called Favilavir in China and Avigan in 
Europe) is a viral RNA-dependent RNA-polymerase inhi-
bitor approved in Japan for the treatment of influenza. The 
recommended loading dose is 2400 mg BID, while the 
maintenance dose is 1200–1800 mg QD. Preliminary data 
from a non-randomized control study have shown that 
among 340 patients, those who received favipiravir 
improved respiratory conditions. Favipiravir shortened 
the duration of fever and increased viral clearance rate. 
Based on a Kaplan-Meier, those receiving favipiravir had 
a median time to viral clearance of 4 days (IQR: 2.5–9) as 
compared to 11 days (IQR: 8–13) in those receiving pla-
cebo (P < 0.001).24

Favipiravir was compared to umifenovir in an RCT enrol-
ling 240 patients with COVID-19 associated pneumonia. No 
difference in terms of outcome was reported in patients with 
severe disease, but the seven-day recovery rate was signifi-
cantly higher in those receiving favipiravir compared to those 
treated with umifenovir (71% Vs 56%, p = 0.0199).25 

Favipiravir is proposed as an experimental treatment for 
COVID-19 in 34 studies registered on clinicaltrials.gov 
(accessed 01/09/2020). Among them, 13 are phase III trials.

Lopinavir/Ritonavir
Despite the lack of scientific evidence, lopinavir/ritonavir 
(lopinavir/r) was used for the treatment of COVID-19 
patients at the beginning of the pandemic. This drug is an 
HIV protease inhibitor, used in the treatment of HIV-1 
infection in patients over 14 years old, which was considered 
potentially active due to the similarity between coronavirus 

and HIV proteases.26 Up to date, 83 studies on lopinavir/r 
have been registered on clinicaltrials.gov (accessed 01/09/ 
2020). The use of this drug is also investigated in two 
ongoing experimental protocols: one of them is the 
SOLIDARITY trial, promoted by the WHO, which aims to 
show the effectiveness of four treatment options against 
COVID-19 (local standard of care, or local standard of 
care plus one of Remdesivir, Lopinavir/r, Lopinavir/r plus 
IFN beta-1);22 the second one is the Randomized Evaluation 
of COVID-19 Therapy (RECOVERY) trial, which aims to 
evaluate potential treatments for people hospitalized with 
confirmed or suspected COVID-19, analyzing lopinavir/r, 
low-dose dexamethasone, azithromycin, tocilizumab, and 
convalescent plasma.27

In an open-label RCT by Cao et al, 199 severe 
COVID-19 adult patients with an oxygen saturation of 
94% were randomized to receive standard care or lopina-
vir/r plus standard care. There was no difference between 
the two treatments regarding the time to reach clinical 
improvement and mortality rate.28 Conversely, a Phase II 
RCT conducted in Hong Kong, involving 127 mild to 
moderate COVID-19 patients, highlighted a shorter med-
ian time to test negative nasopharyngeal swab (7 days 
[IQR 5–11]) for those receiving triple therapy with lopi-
navir/r, ribavirin, and IFN beta 1b compared to those 
receiving lopinavir/r alone (12 days [8–15]; hazard ratio 
4·37 [95% CI 1·86–10·24], p=0·0010).29

It is important to remember that use of lopinavir/r can 
be dangerous in those receiving azithromycin due to the 
increase of risk of Q-T prolongation as established by 
a recent review on the argument.30

Darunavir/Cobicistat
Darunavir/cobicistat is another combination used for 
COVID-19 and investigated in 6 trials registered on cini-
caltrials.gov (accessed 01/09/2020). Darunavir is an HIV-1 
protease inhibitor and its activity is enhanced by the boos-
ter cobicistat. Data from preclinical studies showed inhi-
bitory effects of this combination on SARS-CoV-2;31 

moreover, the computational-based analysis demonstrated 
a potential inhibition of SARS-CoV-2 replication and 
activity on viral spike protein.32

In an open-label RCT, mild COVID-19 patients were 
enrolled and treated with 5 days of darunavir/cobicistat, 
but no increase in the proportion of negative swab as 
compared to standard of care alone was demonstrated.33 

Currently, no evidence can support darunavir administra-
tion in patients affected by COVID-19.
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Umifenovir
Umifenovir (also known as Arbidol), currently approved 
in Russia and China, showed antiviral activity against 
influenza A and B viruses, by inhibiting viral envelope 
cellular membrane fusion, preventing S protein/ACE2 
interaction, and affecting activation of macrophages and 
induction of interferons.34 It showed in vitro activity 
against HBV, HCV, Ebola, poliovirus, and HHV-8 and 
was well tolerated, except for common gastrointestinal 
adverse reactions.35–37 Seventy-seven COVID-19 patients 
enrolled in an observational study were treated for 9 days 
with umifenovir plus aerosolized IFN-a 2b. Patients 
receiving such a combination of IFN-a 2b/umifenovir 
shortened the time to viral clearance and reported 
a reduction of IL-6 levels.38 Two more studies are avail-
able on the “preprint platform”. One of these is an RCT 
enrolling 86 COVID-19 patients, which highlights that 
adding umifenovir to standard therapy does not improve 
the patients’ condition in terms of positive-to-negative 
conversion, and radiologic outcomes. The second is an 
observational study on 504 COVID-19 patients which 
reports a decrease in mortality rate after umifenovir 
administration as assessed by a multivariate analysis.39,40 

At the moment (accessed 01/09/2020), 10 studies investi-
gating the role of umifenovir in COVID-19 therapy have 
been registered on clinicaltrials.gov.

Sofosbuvir
Sofosbuvir is a prodrug nucleotide uridine analog acting 
as an inhibitor of the RNA-dependent RNA polymerase 
and as a specific RNA chain terminator from the tem-
plate strand to the primer strand, which has been intro-
duced for the treatment of HCV. The active triphosphate 
form is incorporated by SARS-CoV-2 polymerase and 
blocks further nucleotides incorporation.41,42 Sofosbuvir 
could be combined with HCV protease inhibitors. 
Among these, fixed antiviral combinations with ledipas-
vir or velpatasvir may be particularly attractive as they 
can inhibit both the polymerase and the anchorage point 
of SARS-CoV-2. An open-label multicentre study enrol-
ling patients with moderate/severe COVID-19 patients in 
Iran reported a shorter average duration of hospitaliza-
tion after sofosbuvir/daclatasvir combination treatment 
[6 days (IQR 4–8)] than the standard treatment group 
[8 days (IQR 5–13)] (P = 0.029).43 Eight trials on sofos-
buvir treatment are officially registered on clinicaltrials. 
gov, one of them investigating the efficacy of sofosbuvir/ 

ledipasvir combination was completed in July 2020, but 
no data is currently available.

Nucleoside Analogues (Polymerase 
Inhibitors)
Ribavirin is a guanosine analogue used against HCV, 
respiratory syncytial virus, and viral hemorrhagic fevers.44 

It was administered together with IFN-a in MERS-CoV 
patients45 but demonstrated inefficacy in severe patients.46 

Ribavirin limits SARS-COV-2 infection in vitro,47 but it 
should be considered with caution in COVID-19 routine 
use due to the risk of hemolytic anemia, hemoglobin reduc-
tion, fatigue, rash, leukopenia, and teratogenic effects.48 In 
a Phase 2 trial the triple combination of IFN beta 1b, 
ribavirin, and lopinavir/r was superior to lopinavir/r alone 
in a population of hospitalized patients with COVID-19.29 

Twelve trials (accessed 01/09/2020) are registered on clin-
icaltrials.gov, most of them are now in early phases.

Penciclovir
The efficacy of penciclovir against SARS-CoV-2 was 
assessed in vitro by Wang et al and another group who 
demonstrated its activity on the SARS-CoV-2 RNA- 
polymerase. However, the limited pieces of evidence on 
its safety in pregnancy, during breastfeeding, and the side 
effects do not prompt the use in COVID-19.47,49,50

Protease Inhibitors
Camostat mesylate and nafamostat mesylate are serine pro-
tease inhibitors, the former used for oral squamous cell 
carcinoma and dystrophic epidermolysis and the latter for 
acute pancreatitis, disseminated intravascular coagulation 
and anticoagulation in the extracorporeal circulation.51–54

Nafamostat mesylate was able to inhibit Transmembrane 
Serine Protease 2 (TMPRSS2) activity in MERS-CoV by 
preventing spike protein-mediated viral fusion to lung Calu-3 
host cells.55 This mechanism of action could justify its effi-
cacy against COVID-19, given the similar characteristics 
with both SARS-COV-2 and MERS-CoV spike proteins 
and investigated in simian Vero E6 cells.48 No clinical trial 
is currently planned for these drugs.

Other Antiviral Agents
Other drugs are under investigation for their potential 
effect against SARS-COV-2 infection, but clinical data 
are not currently available. Among them, oseltamivir, acy-
clovir, and ganciclovir have not shown any effect in 
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COVID-19 patients.56 Another anti-influenza drug, balox-
avir marboxil, inhibits the protein synthesis blocking viral 
replication. Baloxavir marboxil has demonstrated 
a synergistic antiviral effect when combined with oselta-
mivir without adverse drug reactions.57,58

Compounds with Antiviral Activity
Other compounds potentially active against SARS-CoV-2 
have been screened into in vitro studies. The cysteine 
protease inhibitors ONO 5334 and MDL 28,170 and the 
FYVE finger-containing phosphoinositide kinase 
(PIKfyve) inhibitor, named apilimod, showed antiviral 
activity in human pluripotent stem cell-derived pneumo-
cyte-like cells reducing the number of infected cells.59 

Apilimod showed antiviral efficacy in primary human 
lung explant model infected with SARS-CoV-2.59 

PIKfyve maintains endomembrane homeostasis in early 
endosomes; therefore, apilimod seems to inhibit viral 
replication during virus insert.60 Apilimod is an experi-
mental compound, investigated in phase II clinical trials 
for the treatment of Crohn’s disease, rheumatoid arthritis, 
and common variable immunodeficiency.61,62 Moreover, it 
has also been shown to inhibit in vitro Ebola, Lassa, and 
Marburg viruses.63,64

Non-Antiviral Agents
Azithromycin
Macrolides are bacteriostatic antibiotics widely used 
against many Gram-positive and intracellular bacteria 
causing respiratory infections. In addition to their antibac-
terial effects, macrolides demonstrate immunomodulatory 
and anti-inflammatory effects.65–67 Preclinical and clinical 
studies have shown their ability in regulating the inflam-
matory response, attenuating the production of pro- 
inflammatory cytokines, and promoting the production of 
immunoglobulins. These regulatory effects on immune 
response can reduce complications of respiratory viral 
infections.68 Among macrolides, azithromycin is consid-
ered the most suitable agent in therapeutic combinations. 
The reasons are related to the better profile of potential 
drug–drug interactions and the relatively low impact on 
QTc elongation.66

Severity and mortality caused by respiratory viral 
infections, including COVID-19, is associated with the 
host’s excessive inflammatory response characterized by 
hyper-production of cytokines.69 Based on preliminary 
investigations in vitro HCQ/Azithromycin seemed to 

have a synergistic effect against SARS-CoV2. Clinical 
investigations on small series of COVID-19 patients sug-
gested that adding azithromycin to HCQ led to significant 
improvement, regardless of the absence of direct effect on 
viral load.10 Further investigations failed in demonstrating 
such favorable effects.70

One hundred and twelve trials registered on clinical-
trials.gov have been planned to investigate the efficacy of 
azithromycin alone or in combination with other agents in 
COVID-19 patients. The majority of the studies investi-
gated azithromycin/HCQ combination, but no result is 
currently available by checking the results section on 
“www.clinicaltrials.gov”. Despite no study can ultimately 
assess the efficacy of azithromycin in COVID-19, we 
believe that the data on its favorable effects on other 
viral pneumonia can support its use, but several doubts 
arise on HCQ/azithromycin combination due to an excess 
in terms of mortality and the increased risk of arrhythmias 
suggested by Fiolet et al meta-analysis.70 Moreover, 
a retrospective study evaluating 323,122 non-COVID-19 
patients demonstrated that adding azithromycin to rheu-
matologic disease patients on HCQ treatment seemed to 
increase the risk of 30-day cardiovascular mortality, chest 
pain or angina and heart failure.71

Heparins
COVID-19 patients very often present a state of hypercoa-
gulability, which exposes them to an increased risk of 
thrombosis.72 In COVID-19 patients with pulmonary 
thromboembolism, there is an essential elevation of 
D-dimer neither associated with thrombocytopenia, nor 
with clotting time prolongation (PT, PTT). Postmortem 
autopsy data confirm this hypothesis, considering that 
emboli and, even more often, intrapulmonary microvascu-
lar thrombosis have been found in autoptic investigations.73 

Consistent with this hypothesis, a Chinese clinical study has 
reported that patients receiving a prophylactic dose of 
heparin showed a significantly higher survival rate than 
those who did not receive heparin. In this retrospective 
analysis conducted in Wuhan, the authors examined 449 
patients affected by severe COVID-19. In such subjects, 
they reviewed and compared the parameters of coagulation 
tests and clinical characteristics between survivors and non- 
survivors to evaluate the effects of heparin therapy: 94 
patients received LMWH (40–60 mg enoxaparin/day), and 
five received unfractionated heparin (UFH, 10,000–15,000 
U/day), without other anticoagulants. Heparin therapy sig-
nificantly reduced mortality in patients with sepsis-induced 
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coagulopathy (SIC) score ≥4 (40.0%vs 64.2%, p<0.05), but 
not in those with SIC score <4 (29.0% vs 22.6%, p>0.05). 
Stratifying according to D-dimer values of the study popu-
lation, the authors reported a rise of mortality linked to the 
rising D-dimer and 20% reduction of mortality for patients 
on heparin. Therefore, heparin treatment appears to be 
associated with better prognosis in severe COVID-19 
patients with coagulopathy.74,75

Currently, 64 clinical trials are registered on “clinical-
trials.gov” (accessed 01/09/2020). Only 4 trials have been 
completed, but none of them released the results before 
publication. Instead, performing an extensive search on 
PUBMED, we found a study investigating the efficacy of 
platelet inhibition in a very small series of patients affected 
by severe respiratory failure who underwent treatment 
with continuous positive airway pressure (CPAP). 
Platelet inhibition resulted in a better outcome in respect 
to treatment with fondaparinux as assessed by improve-
ment in ventilation/perfusion ratio.76

Nitazoxanide
Nitazoxanide, traditionally used as an anthelmintic agent, 
has also broad antiviral activity against rotavirus, norovirus, 
HBV, and RSV.77–80 Nitazoxanide showed in vitro antiviral 
activity against human coronavirus causing MERS and 
COVID-19, and against murine and bovine coronavirus 
through inhibition of the viral N protein expression. In addi-
tion, nitazoxanide demonstrates an anti-inflammatory activ-
ity suppressing the production of IL-2, IL6, and IL-10.80 No 
clinical data can be retrieved after a PUBMED search using 
the keywords ‘Nitazoxanide and COVID-19ʹ, but the safety 
profile of the drug and its activity (assessed in vitro) justify 
the current interest. Nineteen ongoing trials investigating 
nitazoxanide safety and efficacy in COVID-19 either alone 
or in combination are registered on clinicaltrials.gov, but no 
result is currently available (accessed 01/09/2020).

Ivermectin
Ivermectin is an antiparasitic drug for which 37 trials 
investigating its efficacy against COVID-19 are regis-
tered (clinicaltrials.gov, accessed 01/09/2020). In vitro 
investigations highlighted its antiviral activity against 
HIV-1, dengue virus,81,82 West Nile and influenza 
viruses which prompted further investigations in investi-
gating its anti-SARS-CoV-2 activity, which can be 
related to the ability in blocking the viral nuclear 
import.83–85 When Ivermectin is administered in non- 
COVID-19 patients, important adverse drug reactions 

such as ataxia, psychosis, depression, confusion, and 
convulsions by increasing GABAergic transmission can 
be reported in just a few patients.86 Ivermectin resulted 
in a SARS-Cov-2 RNA reduction of 93% after 24 h and 
of 99.8% after 48 h in Vero/hSLAM cells. No clinical 
data are currently available on ivermectin treatment for 
COVID-19.85

Famotidine
Famotidine is a histamine-2 (H2) receptor antagonist used to 
treat peptic ulcer, Zollinger-Ellison syndrome, and sympto-
matic mild reflux oesophagitis.87 A potential role in COVID- 
19 patients was suggested by an in silico study showing 
famotidine ability to target the 3C-like protease (3CLpro) 
of coronavirus, which is the main protease used during 
viral assemblage.88 In a case series, ten COVID-19 patients 
improved their symptoms and their peripheral oxygen satura-
tion 24 hours after high-dose famotidine administration with-
out relevant side-effects.89 In addition, famotidine resulted in 
a reduction of mortality and use of mechanical ventilation 
assistance in a retrospective cohort study investigating 1620 
hospitalized COVID-19 patients. The proportion of cases 
who died or needed mechanical ventilation was reported to 
be significantly lower in 84 cases receiving famotidine within 
24 hours from hospital admission.90 Five trials were regis-
tered on clinicaltrials.gov, two of them have been completed, 
but the results are not yet available (accessed 01/09/2020).

Immunomodulatory and 
Anti-Inflammatory Agents
Corticosteroids
Corticosteroids act within the lungs reducing the host 
inflammatory response, which can lead to acute lung 
injury and ARDS. Russell, examining the literature data 
in favor or against the use of corticosteroids in respiratory 
disease caused by SARS-CoV-2, highlighted that the stu-
dies were mainly observational and that use of corticoster-
oids has been reserved for the most critical patients only.91

In a review on the use of corticosteroids in SARS-CoV, 
4 out of 29 studies have underlined a probable worsening 
effect of such drugs on acute illness. In comparison, the 
other 25 studies have provided no evidence, either favor-
able or against.92 However, according to accredited expert 
opinions, such a lack of definitive clinical evidence is not 
enough to drop out the use of corticosteroids in SARS- 
CoV-2 pneumonia.
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Data favoring steroids use are relevant when we con-
sider researches conducted for other virus-associated 
respiratory diseases, such as pneumonia after influenza 
virus infection due to the ability in reducing the threatened 
effects of inflammation on the organisms.93 In a prospective 
cohort study evaluating 2141 patients with viral influenza 
A pneumonia (H1N1), low/moderate doses of corticoster-
oids (25–150 mg/day of methylprednisolone) reduced mor-
tality in patients with SaO2/FiO2 ratio <300 mmHg.94 

Corticosteroids reduced mortality and the need for mechan-
ical ventilation in patients with severe community pneumo-
nia, as assessed in a recent systematic review.95 However, it 
is believed that short cycles (≤7 days) of corticosteroids at 
low/moderate doses (≤0.5–1 mg/kg per day of methylpred-
nisolone) are a suitable therapeutic option in selected criti-
cal patients with SARS-CoV-2 pneumonia.96

A retrospective study involving 201 Chinese patients 
with COVID-19 found that a treatment with methylpred-
nisolone was associated with a decreased risk of death for 
subjects who developed ARDS (23/50 [46%] with steroids 
vs 21/34 [62%] without steroids; HR, 0.38 [95% CI, 
0.20–0.72]).97 However, the authors noted that bias and 
residual confounding factors between the patients who did 
or did not receive steroids might exist. Further data deriv-
ing from an open-label trial on dexamethasone use in 
COVID-19 (RECOVERY trial) highlighted that a daily 
dose of 6 mg resulted in an improvement in the 28-day 
mortality rate. The size of the sample evaluated was con-
sistent (over 2000 patients) and permitted to establish that 
dexamethasone use was associated with reduction of the 
mortality rate with an age-adjusted advantage approaching 
12% for those receiving invasive mechanical ventilation 
(29.3% vs 41.4%; rate ratio, 0.64; 95% CI, 0.51 to 0.81), 
but that treatment of those not receiving oxygen therapy at 
the time of randomization did not give a significant 
advantage.98 Based on suggestions released by the 
National Institute of Health, dexamethasone use at 6 mg 
per day for up to 10 days or until hospital discharge can be 
proposed for the treatment of COVID-19 in hospitalized 
patients who are “mechanically ventilated” (AI) and in 
hospitalized patients who require supplemental oxygen 
but who are not mechanically ventilated (NIH COVID- 
19 guidelines available at https://files.covid19treatmentgui 
delines.nih.gov/guidelines/covid19treatmentguidelines. 
pdf, accessed on 16/09/2020). Moreover, the European 
Society of Intensive Care Medicine, for mechanically ven-
tilated adult patients suffering from COVID-19 and 
ARDS, suggests using systemic corticosteroids; for those 

without ARDS, it suggests against the routine use of 
systemic corticosteroids; for adult patients with COVID- 
19 and refractory shock, it suggests using low-dose corti-
costeroid therapy.99

Tocilizumab
Tocilizumab (TCZ) is a humanized anti-interleukin-6 
receptor monoclonal antibody able to inhibit interleukin 
6 activity which is commonly used in patients with rheu-
matoid arthritis. Its role in the treatment of COVID-19 was 
based on the efficacy in decreasing serum values of inter-
leukins IL-6, IL-2, IL-7, IL-10, and TNF, which are crucial 
in determining pulmonary damage after SARS-CoV-2 
infection.100,101

Data on Tocilizumab efficacy are conflicting. TOCIVID- 
19 RCT, a Multicenter Study to Evaluate the Safety and 
Efficacy of Tocilizumab in Patients with Severe COVID-19 
Pneumonia, showed statistically significant results in improv-
ing the 30-day mortality rate (22.4% vs >30%) without 
relevant toxicity.102 At the same time, two multicenter clinical 
trials are ongoing in China, under the local clinical trials 
registry control.103,104 Instead, the open-label, multicentre 
RCT to evaluate the effectiveness of early administration of 
Tocilizumab in patients with COVID-19 pneumonia (RCT- 
TCZ-COVID-19) was prematurely interrupted after the 
enrollment of 126 patients because the early administration 
of TCZ in Covid-19 pneumonia patients did not provide any 
relevant clinical benefit. Clinical data on TCZ efficacy derive 
from the CHIC study, which examines the efficacy of steroids 
followed by TCZ administration. In the small group consid-
ered sequential steroids/TCZ therapy was associated with 
better respiratory outcome and lower mortality rate.105,106

Main clinical studies, investigating the efficacy of 
drugs against COVID-19 described in this review, are 
reported in Table 2.

Other Immunomodulatory Drugs
Baricitinib is a JAK 1/2 inhibitor, it inhibits AP2- 
associated protein kinase 1, that enables coronavirus to 
entry in the host cells and favors the intracellular assembly 
of the virus.107–109 Apart from its activity on virus replica-
tion, it can inhibit the cytokine storm associated with 
COVID-19, but its administration requires caution in 
immunocompromised patients as several adverse reactions 
can occur.110 No clinical data are currently available.

Other immunomodulatory drugs have also been inves-
tigated, such as sarilumab, another anti-IL6, and various 
combinations such as emapalumab/anakinra and 
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ruxolitinib/eculizumab. On the basis of a recent open-label 
study, the ruxolitinib/eculizumab combination adminis-
tered to patients with severe COVID-19 resulted in 
a significant reduction of mortality rate and rapid improve-
ment of respiratory parameters.111

Other compounds judged to be attractive for COVID-19 
treatment are reported in Table 3. Even if they are attractive 
for their very limited toxicity, data are not sufficient to intro-
duce further investigations in this literature review.112–114

Conclusions
Since the beginning of the emergency, the scientific commu-
nity has immediately engaged in searching for the best therapy 
to stem the COVID-19 outbreak through repositioned drugs 

Table 2 Main Studies Investigating Clinical Efficacy of Drugs Against COVID-19

Other Drugs Clinical Trials* Clinical Trials Published (Reference) Clinical Efficacy Enrolled Patients

Favipiravir 34 24 Yes 5
25 Yes 240

Lopinavir/ritonavir 83 28 No 199
29 NA 127

Darunavir/cobicistat 6 33 No 30

Umifenovir 10 39 Yes 86
40 Yes 504

Sofosbuvir 8 43 Yes 62

Ribavirin 12 29 Yes 127

Penciclovir 0 / / /

Camostat mesilate 11 / / /

Nafamostat mesilate 4 / / /

Azithromycin 112 10 Yes 36
12 NA 440

Enoxaparin 39 / / /

Nitazoxanide 19 / / /

Ivermectin 37 / / /

Famotidine 5 89 Yes 10
90 Yes 1620

Dexamethasone 29 98 Yes 2104

Tocilizumab 68 107 Yes 172

Baricitinib 14 / / /

Eculizumab/ruxolitinib 1 112 Yes 17

Note: *Accessed 01/09/2020 clinicaltrials.gov. 
Abbreviation: NA, not available.

Table 3 Molecules Showing Therapeutic Potential in Small 
Clinical Trials (Curcumin, Resveratrol) or in vitro (AR-12)

Promising 
Molecules

Hypothetical Mechanism of Action References

AR-12 It increases virus protein degradation, 

preventing virus reproduction

Rayner 

et al112

Resveratrol 

and copper

Resveratrol is an antioxidant 

nutraceutical that acts as a pro-oxidant in 

presence of copper, generating highly 

unstable free-radicals which can degrade 

cell-free chromatin

Mittra 

et al113

Curcumin Curcumin has anti- inflammatory 

properties and causes inhibition of 

PAK1, AP1 and NF-κB

Nemati 

et al114
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use or conducting clinical trials on potentially active drugs. 
Apart from SARS-CoV-2 direct effects, it is evident that other 
mechanisms can determine a poor outcome after COVID-19, 
due to its ability to cause damage, related to immunologic 
activation, in many sites of the body, including the nervous 
system.115 Some clinical trials are beginning to confirm the 
benefits of some drugs; however, for others, the evidence of 
efficacy and safety is still unclear due to several risks of bias 
and the heterogenicity of the study populations. Current pan-
demic stressed the importance to allowing a large access to 
highly attractive investigational drugs in international pro-
grams and to authorize a more rapid extension of the approved 
drugs indications as performed in clinical settings other than 
COVID-19.116,117 Surely, clinical research will lead us to find 
a successful therapy to overcome the COVID-19 pandemic.
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